SUMMARY Duodeno-gastric reflux has been studied in normal subjects and patients with duodenal and gastric ulceration during the responses to parenteral secretin and cholecystokinin-pancreozymin and to acidification of the small intestine. Reflux was absent or slight in normal subjects and most patients with duodenal ulcer but was appreciable in most patients with gastric ulcer. Duodeno-gastric regurgitation may occasionally resultin a misleading assessment of pancreatic exocrine secretory capacity.
Duodeno-gastric reflux was considered to represent a 'protective' mechanism in the early years of the present century (Spencer, Meyer, Rehfuss, and Hawk, 1916) but was then largely ignored until the recent converse suggestion that duodenal contents, particularly bile salts and pancreatic enzymes, were involved in the pathogenesis of gastric ulceration (Du Plessis, 1965; Capper, 1967) and of atrophic gastritis (Siurala and Tawast, 1956) .
In view of the lack of precise information regarding the incidence and significance of regurgitation of duodenal contents into the stomach in health and disease, the present study has attempted to quantitate duodeno-gastric reflux under conditions of endogenous and exogenous stimulation of secretion into the duodenum.
Methods
The subjects of the present investigation, whose informed consent had been obtained, comprised 39 healthy controls (N); 35 patients with duodenal ulcer (DU), of whom 21 were restudied after truncal vagotomy and pyloroplasty; 15 patients with ulceration of the lesser curve of the stomach above the angulus (GU), eight of whom were restudied after Billroth I gastrectomy; and three patients with chronicpancreatitis (CP) . Only subjects who tolerated intubation without feeling nauseated were included in the study.
Techniques of intubation of the stomach and duodenum and analysis of the duodenal and gastric aspirates and secretory stimulation have been described in detail previously (Wormsley, 1969 (Wormsley, , 1970 Goldberg and Wormsley, 1970) . After a 12-hour
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overnight fast, each subject was intubated with a modified Dreiling tube, so that the tip lay just proximal to the ligament of Treitz and with a Ryle's tube sited in the antrum. The position of the tubes was checked radiologically during and after the tests. The subjects sat upright during the studies. Duodenal and gastric aspirates were collected in 10-minute batches. Acid concentration was measured by titration with 0.1 M sodium hydroxide to pH 7.0; bicarbonate concentration by the addition of 2 ml 0.1 M hydrochloric acid to 1 ml samples, boiling and backtitrating to pH 7 0; bile pigment as icteric index (after immediate alkalinization, if necessary, in gastric aspirate); trypsin as proteolytic activity and titrimetrically, using p-tosyl arginine methyl ester as substrate; and polyethylene glycol 4000 (PEG) by the method of Hyden (1955) .
RECOVERY OF COMPONENTS OF DUODENAL JUICE
To test recovery of bile pigment, aliquots of duodenal aspirate from normal subjects were treated with an excess of acid-containing gastric juice, so that the resultant mixture had a pH of 1.5. The mixture was sampled at 15-minute intervals for three hours. Samples were cleared with 0-1 M sodium hydroxide and the icteric index was compared with the appropriately diluted original control specimens of duodenal aspirate. Recovery of trypsin was not reexamined, since trypsin had previously been shown to be fairly rapidly inactivated by the acid plus pepsin of gastric juice (Heizer, Cleaveland, and Iber, 1965; Khayat and Christophe, 1969) .
were undergoing routine tests of pancreatic function with stimulant schedules comprising: (1) 23 subjects (13 N; 9 DU; 1 GU) received 0-25 clinical units (CU)/kg body weight each hour of secretin for 50 minutes; (2) 33 subjects (11 N; 16 DU; 6 GU) received 2-0 CU/kg-hour secretin for 50 minutes. The first 10 subjects (3 N; 5 DU; 2GU) who were tested received an infusion of 0-15 M sodium chloride (75 ml/hour), containing PEG, into the first part of the duodenum; (3) 49 subjects (29 N; 12 DU; 8 GU) received 0.25 CU/kg-hour secretin plus 4-0 Ivy units (IU)/kg-hour cholecystokinin-pancreozymin (CCK-PZ) for 50 minutes.
(Allhormones wereobtained from the GIH Laboratory, Karolinska Institute, Stockholm, Sweden.)
Reflux into the stomach was also studied in subjects receiving acid infusions into the small intestine: (4) 50 mM hydrochloric acid (+ 100 mM sodium chloride + PEG (2-5 g/l)) was infused into the first part of the duodenum in 36 subjects (10 N; 13 DU; 10 GU; 3 CP) at a rate of 220 ml in 30 minutes; (5) 50 mM HCI (as above, schedule 4) was infused into the jejunum in 31 subjects (10 N; 18DU; 3 GU) at a rate of 440 ml/hour for 50 minutes.
CALCULATIONS
When an indicator (PEG) was infused into the duodenum (schedules 2 and 4) or into the jejunum (schedule 5), recovery of the indicator from the stomach was measured. The degree of reflux has been expressed as the proportion of the infused load of PEG recovered from the stomach.
During stimulation with hormones when no marker was used and during jejunal acidification, duodeno-gastric reflux was assessed from recovery of bile pigment, trypsin, and bicarbonate in the gastric aspirate. Each pair ofpoints represents results from one subject. The ordinate indicates the proportion (%) of infused PEG and secreted bicarbonate, respectively, which regurgitated.
REFLUX DURING INTRAVENOUS INFUSION OF HORMONES
There was little or no reflux of duodenal contents into the stomach during the response to the hormonal stimulant schedules in the majority of normal and duodenal ulcer subjects (Table II; tendency to reflux was not greater with the higher compared with the lower dose rate of secretin (Fig.  2) , although a greater proportion of dudenal contents was regurgitated during the infusion of the high dose of secretin in some individuals (Table II) . The time course ofreflux, when present, varied from individual to individual (Fig. 3 ), but most of the patients with gastric ulceration showed reflux throughout the response to hormonal stimulation. The degree of reflux in response to hormones did not change significantly after vagotomy and pyloroplasty (Table III) . The effect of Billroth I gastrectomy on reflux was variable (Table IV) . There was no significant change in the degree of reflux of PEG after vagotomy and pyloroplasty (Table V) (Fig. 6 ).
Regurgitation was often maximal, or occurred N D U G U C P exclusively, during the first 10 minutes of the study. However, just over half of the subjects only developed duodeno-gastric reflux after stopping the jejunal infusion of acid, or showed marked increase n. .
.AI rift* in the degree of reflux at this time (Fig. 6 ).
REPRODUCIBILITY
Subjects tended to show similar orders of reflux in response to duplicate tests (Table VII) . Significance of numbers and symbols as in Table II 
Discussion
About 50 years ago, regurgitation of duodenal contents into the stomach received considerable attention, particularly in connexion with the regulation of the intragastric content of acid (Boldyreff, 1914; Hicks and Visher, 1915; Spencer et al, 1916; Bolton and Goodhart, 1922; Elman, 1928; Olch and Elman, 1927; Olch, 1928; Wilhelmj, Neigus, and Hill, 1934) . Regurgitation wasconsidered so desirable that reflux was operatively induced in patients with peptic ulceration (Braithwaite, 1943) . However, when the studies of MacLean and Griffiths (1928) and of Shay, Katz, and Schloss (1932) sug-gested that duodenal regurgitation was not a significant factor in reducing gastric acid content, interest in the phenomenon waned. Instead, duodenogastric regurgitation came to be regarded as a technical nuisance, since duodenal contents reduced the concentration of acid and destroyed pepsin (Berstad, 1971) during tests of gastric function, while reflux into the stomach during tests of pancreatic function resulted in the loss of bicarbonate (Lagerlof, 1942; Sun, 1963) and the inactivation of regurgitated pancreatic enzymes (Heizer et al, 1965; Khayat and Christophe, 1969) . Recently, interest in reflux from the duodenum has been rekindled by the suggestion that the regurgitated bile salts (Grant, Grossman, Wang, and Ivy, 1951; Davenport, 1968) and pancreatic enzymes (Lawson, 1964; Delaney, Cheng, Butler, and Ritchie, 1970; Wenger and Trowbridge, 1970) may induce gastric mucosal damage.
The present study has shown that reflux from the duodenum occurs when acid is introduced into the small intestine or when small intestinal hormones are infused parenterally. Duodeno-gastric reflux, following the introduction of acid into the duodenum, had been noted previously (Boldyreff, 1908; Hicks and Visher, 1915) . The degree of regurgitation was related to the amount of acid introduced into the duodenum (Bolton and Goodhart, 1922) , suggesting that regurgitation into the stomach was one of the mechanisms whereby the duodenum disposed of large acid loads. In the present study, regurgitation of duodenal contents into the stomach was also noted during jejunal acidification and even jejunal contents were occasionally aspirated from the stomach under these circumstances, suggesting active retropulsion. Reflux into the stomach of an alkaline solution infused into the jejunum had been noted previously (Gustke, Varma, and Soergel, 1970) .
Reflux in response to parenteral secretin and CCK-PZ tended to be most marked immediately after the onset of stimulation, but occasionally persisted throughout the infusion of hormones. From a technical point of view, loss of duodenal contents into the stomach was not significant in the majority of subjects and would have interfered with satisfactory evaluation of pancreatic exocrine function in only a few individuals. However, the occasional very severe degree of regurgitation during hormonal stimulation does emphasize that failure to aspirate gastric contents during tests of pancreatic function may result in gravely misleading assessment of pancreatic secretory capacity.
The pathophysiological significance of duodenogastric reflux is not clear. In comparing the different diagnostic groups, it has been assumed that if the double intubation has affected duodeno-gastric reflux, the change has been similar in each of the groups or has accentuated any underlying differences in pattern.
The distribution of values of reflux was not normal in any of the diagnostic groups. Regurgitation was not detectable, or slight, in the majority of normal subjects. The patients with duodenal ulcer did not appear to represent a functionally homogeneous group, since reflux was either minimal or was present to a significant degree, not only when the ulcer was situated at the pylorus, but also when sited within the duodenal bulb. Reflux was usually marked in patients with gastric ulceration. The findings of the present study resemble the results of investigations of fasting gastric contents (Watkinson, 1951; Borg, 1959; Du Plessis, 1965; George, Kennedy, and Connell, 1967) and of studies employing test meal techniques (Rhodes, Barnardo, Phillips, Rovelstad, and Hofmann, 1969; Black, Roberts, and Rhodes, 1971) or a radioopaque marker (Capper, Airth, and Kilby, 1966; Flint and Grech, 1970) , which have shown that duodeno-gastric reflux is not significant in most normal subjects but is appreciable in many patients with gastric ulceration. Likewise, Agren, Lagerlof, and Berglund (1936) had observed that duodeno-gastric reflux after injection of secretin occurred particularly in patients with gastric achylia. However, even when a marked degree of duodenogastric reflux can be demonstrated, it is not permissible to infer that the regurgitation of duodenal' contents is injuriouis or necessarily involved in the pathogenesis of gastric mucosal disease, both because the direct evidence is controversial (Cole, 1969; Davenport, 1970) and because the converse inference, of a 'protective reaction', has not yet been disproven.
